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Gearbox Module 

The invention relates to a gearbox module, particularly to an automatic gearbox, 
with the features in detail taken from the preamble of claim 1 . 

Gearbox modules, in particular automatic gearboxes, are known from the prior 
art in a plurality of the most diverse designs. In the simplest case, they comprise 
a starting element, a lockup clutch associated with it, and an rpm/torque 
converting unit, which is characterized by at least one gear step, and is arranged 
downstream of the starting element and the lockup clutch. Common to all 
gearbox modules here is the fact that, during the switching or gear-shifting 
operation, that is, particularly during a gear-step shift, no interruption of tractive 
power occurs. This means that the switching element of the gear step that is in 
gear and is to be released and the gear element of the next gear step that is to 
be closed, that is, engaged, still transmit at least a portion of the power supplied 
by the drive engine to each other in an overlapping manner. To this end, the 
switching elements are operated with slip, for which reason, here, as a rule, only 
force-activated switching elements, particularly those transmitting via frictional 
engagement, are employed. However, this has the drawback that, on the one 
hand, power losses are registered, because the operating mode of the individual 
switching elements is subject to slip during power transmission between the 
gearbox input and the gearbox output, for which reason the efficiency of the 
entire assembly is low, and, on the other hand, the individual switching elements 
are subject to wear and therefore give rise to short maintenance intervals for the 
entire assembly. If synchronously shiftable couplings are employed, the 
switching or gear shifting always occurs with an interruption in tractive power. 

The invention is based on the problem of further developing a gearbox module of 
the kind mentioned above in such a way that the mentioned drawbacks are 
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avoided. In particular, transmission elements in the power flow that are subject 
to wear are to be dispensed with. 

The solution in accordance with the invention is characterized by the features of 
claim 1 . Advantageous embodiments are presented in the subclaims. 

In accordance with the invention, the greater part of the power flow, preferably 
the entire power flow, is transmitted not via switching elements that work in a 
force-activated manner, but rather via synchronously shiftable couplings, which 
avoid a slip operation between the elements in the power transmission pathway 
that are to be connected to one another. To this end, the gearbox module 
comprises at least one gearbox input and one gearbox output. Provided 
between these is a starting element as well as a gear-shifting device associated 
with the starting element. Said device assumes, in addition to the lockup function 
for the starting element, also the maintenance of the tractive power during gear 
shifting. Also provided are rpm/torque converting devices, preferably at least one 
said device that is coupled either to the starting element or to the gear-shifting 
device or to both jointly. The starting element itself has at least one input, which 
is connected to the gearbox input in a rotationally fixed manner, and one output, 
which can be connected to the gearbox output at least indirectly in a rotationally 
fixed manner, this connection being produced in part solely via the gear-shifting 
device. To this end, the gear-shifting device comprises at least two inputs, a first 
input, which is connected to the output of the starting element in a rotationally 
fixed manner, and a second input, which is connected to the input of the starting 
element in a rotationally fixed manner, this connection being free of any 
rotationally fixed coupling to the output of the starting element. Thereby provided 
is at least one output that is connected to the gearbox output. Here, each input 
of the gear-shifting device can be selectively connected via a synchronously 
shiftable coupling to the output of the gear-shifting device, thereby producing two 
power branches, a first power branch and a second power branch. The 
synchronously shiftable couplings in accordance with the invention can then be 
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actuated either jointly in the sense of producing a rotationally fixed connection 
between the respective input and the output or else respectively alone. This 
makes it possible, on the one hand, to conduct the power transmission by way of 
two power branches, whereby the power transmission in the first branch occurs 
via the starting element, whereas a purely mechanical power transmission is 
conducted in the second power branch by having the gearbox input connected to 
the output of the gear-shifting device in a rotationally fixed manner, bypassing the 
starting element. On the other hand, the power via the two branches can be 
transmitted in a parallel manner, the gear-shifting device functioning as a 
summing gearbox in this case and the two power branches being combined once 
again at the output of the gear-shifting device. 

A plurality of possibilities are conceivable in temns of the concrete structural 
arrangement of the connections of the inputs to the output of the gear-shifting 
device. In the simplest case, a back-gear design is resorted to. Here, however, 
two basic configurations, which are characterized by the directing of the power 
flow are fundamentally distinguished. These involve 

a) the power transmission in power branches that are parallel to each 
other, but eccentric to the starting element and 

b) the power transmission in power branches that are arranged 
coaxially to each other, but at least partially parallel to the starting 
element. 

The second variant is characterized here by an especially high degree of 
compactness of the entire gearbox. The required space can be kept to a 
minimum or, in comparison to the solution proposed according to a), the space 
that is freed up can be used for the arrangement of other functional elements. 

The basic configuration, in accordance with the invention, of starting element, 
gear-shifting device, and rpm/torque converting device makes possible, in 
addition to the operation as a gearbox module in the form of an automatic 



wo 2005/040640 PCT/EP2004/009765 

4 

gearbox, also the operating mode as an automatic transmission, for which no 
changes and modifications whatsoever are required, it being necessary only to 
change the drive control, because, in this case, a separation between the motor 
and the gearbox always occurs during the gear-shifting operation. This change 
in the drive control involves the elimination of power transmission via the first 
power pathway during the gear-shifting operation; that is, no power transmission 
occurs via the starting element. 

As already discussed, in the simplest case, the structural configuration is 
provided in a back-gear design. In this case, each power branch has at least one 
first back gear, which is connected to the output of the starting element or to the 
input of the starting element in a rotationally fixed manner and is connected again 
to the output of the gear-shifting device via an additional back gear that can be 
coupled to the back-gear shaft arranged parallel to the starting element, 
particularly to the axis of rotation of the starting element. Preferably, here, the 
synchronously shiftable coupling is arranged in each case between the back gear 
that is connected to the output of the gear-shifting device in a rotationally fixed 
manner and the back-gear shaft. 

According to the second solution approach, which is marked by a high degree of 
compactness, the individual back gears are arranged in the axial direction 
parallel to one another and coaxially to one another, with one of the two back- 
gear shafts being designed as a hollow shaft, through which the other respective 
back-gear shaft of the other power branch is passed. 

The gear-shifting device itself can already characterize one gear step and thus 
forms a part of the rpm/torque converting device or else parts of the rpm/torque 
converting device are used jointly by It and by the gear-shifting device. To this 
end, according to an especially advantageous embodiment, the rpm/torque 
converting device arranged downstream of the gear-shifting device is also 
constructed in a back-gear design, so that, here, the back-gear shaft of the 
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second power branch can be used as well. The required space can be kept very 
small in this way. Furthermore, the lockup function can also be integrated 
directly into the gearbox in this way, so that the output of the gear-shifting device 
is formed at any point in the gearbox in this case. 

As already discussed, the gearbox designed in accordance with the invention is 
free of any frictionally engaged power transmission, so that transmission 
elements subject to wear are dispensed with to the greatest extent possible. The 
synchronously shiftable couplings are designed here preferably as positive 
locking clutches, in particular as claw clutches. 

There exist no limitations in terms of the concrete design of the starting elements. 
The choice is made according to the requirements of the applied case. 
Conceivable are hydrodynamic components - for example, hydrodynamic 
clutches or converters, power-source generating units, as well as hydrostatic or 
else mechanical solutions (wet or dry multidisk clutches). Preferably, on account 
of the advantageous properties in the main range of use of the starting element, 
hydrodynamic solutions are chosen. The gearbox module of the invention 
accordingly comprises only one transmission element, in the form of the starting 
element, that is subject to slip. In all other gear steps, the power transmission 
occurs in a purely mechanically manner, free of slip. In order to produce the 
lockup of the hydrodynamic element and a gear step, accordingly, only a single 
clutch is required and not several clutches that have to be engaged at the same 
time. 

The solution in accordance with the invention is illustrated below on the basis of 
figures. Shown therein in detail are the following: 

Figure 1 illustrates, in a schematically simplified depiction, the basic 

construction of a gearbox module designed in accordance 
with the invention, which can also be used as an automatic 
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transmission by changing tlie drive control; 

Figures 2a - 2f illustrate, in a schematically simplified depiction based on an 
especially advantageous embodiment according to Figure 1, 
the functional operation of the gearbox unit, designed in 
accordance with the invention, in the individual operating 
states; 

Figure 3 illustrates a design that has back gears arranged coaxially to 

each other. 



Figure 1 illustrates, in a schematically simplified depiction, the basic construction 
and the basic principle of a gearbox module designed in accordance with the 
invention, in particular an automatic gearbox. Said gearbox module comprises at 
least one gearbox input E and one gearbox output A. Between the gearbox input 
E and the gearbox output A are a starting element 2 and a device that is 
associated with it for gear shifting, particularly for lockup of the starting element 
and maintenance of tractive power during the gear-step change. Such a gearbox 
module 1 further comprises at least one rpm/torque converting device 4, 
preferably in the form of so-called gearshift steps. The starting element 2 and 
the lockup clutch for bypassing the power flow at the starting element 2 are here 
each connected to the gearbox input E and further, at least indirectly, to the 
gearbox output A. To this end, the starting element 2 has an input 5, which is 
connected to the gearbox input E or which constitutes it. The starting element 2 
has, in addition, an output 6, which is connected at least indirectly to the gearbox 
output A. "At least indirectly" means that, as a rule, additional rpm/torque 
transmitting devices and/or converting devices are disposed in between. This 
applies by analogy to the gear-shifting device. The latter is connected at least 
indirectly to the gearbox input E, preferably via the input 5 of the starting element 
2. Furthermore, the gear-shifting device 3 is coupled to the output 6 of the 
starting element 2. These two couplings constitute the inputs 7 and 8 of the 
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gear-shifting device 3 during power transmission in traction operation, as viewed 
from the gearbox input E to the gearbox output A. The gear-shifting device 3 
further comprises at least one output 9. Here, the latter is connected to the 
gearbox output A at least indirectly in a rotationally fixed manner. The coupling 
to the gearbox output A occurs via at least one rpm/torque converting device 4. 
The starting element 2 is also connected via the gear-shifting device 3 to the 
rpm/torque converting device 4. The starting element 2 and the gear-shifting 
device 3 can be designed here as separate modular units, which are coupled to 
each other, or else they can be combined into a single structural unit. Preferably, 
however, the gear-shifting device 3 is already combined with the downstream 
rpm/torque converting devices 4 and is merely combined with the starting 
element 2 to create the complete modular unit of the gearbox module 1 . 

On account of the linkage of the gear-shifting device 3 in an embodiment with 
two inputs 7 and 8, it is possible, in the interaction of the starting element 2 and 
the gear-shifting device 3, to produce two power branches. In the first power 
branch, which is designated here as 10, the power is conveyed from the gearbox 
input E to the gearbox output A via the starting element 2 and the gear-shifting 
device 3 arranged downstream of it. In the second power branch 1 1 , the power 
flow is conveyed to the gearbox output A via the gear-shifting device 3 so as to 
bypass the starting element 2. Here, the two power branches can be switched 
separately or else in parallel. The first power branch 10 is characterized here in 
terms of design by the coupling between the gearbox input E and the Input 7 of 
the gear-shifting device 3 with the output A via the starting element 2 and the 
gear-shifting device 3. The second power branch 1 1 is characterized here by the 
coupling between the gearbox input E and gear-shifting device 3 with the 
gearbox output A. 

The two power branches 10 and 11 can be activated in accordance with the 
invention via synchronously shiftable couplings 16 and 17, which are arranged 
respectively alone or else in parallel in each power branch 10 and 11 and which 
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can be selectively actuated. The synchronously shiftable couplings 16 and 17 
serve here for the at least indirect connection, that is, the rotationally fixed 
connection that can be produced either [directly]^ or via additional transmission 
elements, between the individual inputs 7, 8 of the gear-shifting device 3 and the 
output 9 of the latter. The power flow occurs in the individual branches 10, 1 1 at 
least in part parallel to the axis of rotation of the starting element 2. 

In order to produce the power distribution here, the gear-shifting device 3 has at 
least two back gears, a first back gear 12 and a second back gear 13; the first 
back gear 12 is connected to the output 6 of the starting element 2, whereas the 
second back gear 13 is connected to the gearbox input E or to the input 5 of the 
starting element 2, coupled to it in a rotationally fixed manner, in the power flow 
direction upstream of the output 6 of the starting element 2. Here, the outputs 14 
and 15, respectively, of each of the two back gears - the first back gear 12 and 
the second back gear 13 - can each be connected via the synchronously 
shiftable coupling 16 or 17, respectively, at least indirectly to the output 9 of the 
gear-shifting device 3 and thus to the gearbox output A in a rotationally fixed 
manner. The coupling occurs here preferably via an additional back gear 18 or 
19, respectively, which is arranged coaxially to the respective back gear, in 
particular to the first back gear 12 and the second back gear 13. To this end, 
each of the outputs 14 and 15, respectively, of the back gear 12 or 13, 
respectively, is connected to a back-gear shaft 20 or 21, respectively, in a 
rotationally fixed manner and the latter, in turn, can each be coupled via the 
synchronously shiftable couplings 16 and 17, respectively, to the corresponding 
additional back gear 18 or 19, respectively. The gear-shifting device 3 
accordingly has two back-gear shafts 20 and 21 , which are arranged parallel to 
the gearbox input E and the gearbox output A, respectively, and which can be 
connected to the gearbox output A via the back gears 18 and 19. The gearbox 
input E and the gearbox output A are preferably arranged coaxially with respect 
to each other. However, this is not absolutely essential. The gear-shifting device 
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3 is produced here by means of the two synchronously shiftable couplings 16 
and 17, whereby the first synchronously shiftable coupling 16 serves for the 
coupling of the output 6 of the starting element 2 to the gearbox output A, 
whereas the second shiftable coupling 17 serves for the coupling of the gearbox 
input E or of the Input 5 of the starting element 2, which is coupled to it in a 
rotatlonally fixed manner, to the output A. The two synchronously shiftable 
couplings 16 and 17 are arranged parallel to each other in the design depicted in 
Figure 1 . In temis of their gear ratios, the individual back gears 12, 13 are 
preferably laid out in such a way that they produce at least a gear ratio of < 1 , 
depending on the starting element 2 that is used. The synchronously shiftable 
couplings 16 and 17 are designed in accordance with the invention as positively 
locking clutches, the positive locking being produced preferably by way of claws. 
The starting element can be designed in a number of ways; preferably, 
hydrodynamic components 22 find use. For the basic embodiment depicted in 
Figure 1 , the power flow takes place, depending on the desired power 
transmission each time, via the first or second power branch 10 or 11 , 
respectively, alone or else via the two power branches 10 and 1 1 jointly. In the 
first-mentioned case, which is referred as the starting operation, the power 
transmission occurs solely via the first power branch 10, that is, via the starting 
element 2. The power is transmitted here, in traction operation, as viewed from 
the gearbox input E to the gearbox output A, from the gearbox input E via the 
starting element 2, the output of the starting element 2 onto the first back gear 12 
and, when the shiftable coupling 16 is actuated, onto the additional back gear 18, 
which is coupled to the gearbox output A at least indirectly in a rotationally fixed 
manner, that is, for example, via additional rpm/torque converting devices 4. In 
this case, the second synchronously shiftable coupling 17 is found in its switching 
position Ili7, which describes the open state. For lockup, the second power 
branch 1 1 is activated and, in this state, the power transmission occurs at least in 
part via the starting element 2 and thus the first power branch 10. In this way, 
torque is still transmitted onto the power output shaft or onto the gearbox output 
A during the switching operation. This is controlled by the brief activation of the 
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hydrodynamic component. For an upshifting operation, this takes place as 
follows: During driving in gear x, the power transmission occurs in a purely 
mechanical manner via the shiftable coupling, in particular, via a claw, through 
which a rigid connection between the motor and the gearbox exists. Prior to the 
gear-shifting operation, the hydrodynamic component is filled and then transmits 
a torque for a gear-shifting operation y. Once this torque has attained the 
magnitude of the motor torque, the claw that has been transmitting up to now, 
that is the switching element to be released, becomes free and is opened. 
Through a further increase in the filling and/or in the engagement in the motor 
control, the motor, that is, the drive engine, is downshifted by one step of the 
gearshift. Once the new rpm has been attained, the claw of the new gear, that is, 
the gear step to come or to be engaged, is engaged and the switching or gear 
shifting is ended. Here, the second synchronously shiftable coupling 17 is 
engaged; it Is then in its switching position In and connects the second back- 
gear shaft 21 to the additional fourth back gear 19 in a rotationally fixed manner. 
In this way, in accordance with the layout of the individual back gears, that of the 
first back gear 12 of the starting element 2 as well as the third back gear 1 8 and 
that of the second back gear 13 as well as the fourth back gear 19, a first portion 
of the power is transmitted via the first power pathway 10 and a second portion of 
the power is transmitted via the second power pathway 1 1 . The hydrodynamic 
component 27 must operate with slip. Therefore, it must be ensured that, during 
each gear shifting, a slip is possible. When switching occurs in the operating 
state in which power is solely transmitted via the power branch 1 1 , either the 
starting element, depending on its design, is taken out of the power flow - for 
example, by draining when it is designed as a hydrodynamic clutch - or else the 
first synchronously shiftable coupling 16 is brought into its switching position llie, 
which describes the open state. The power is then transmitted between the 
gearbox input E and the gearbox output A solely via the second power branch 1 1 
via the back-gear shaft 21 , arranged parallel to the gearbox input shaft E, to the 
gearbox output A. These individual operating states are presented here in 
Figures 2a to 2g for an especially advantageous embodiment. 
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In contrast to this, Figures 2a to 2g illustrate, on the basis of a schematically 
simplified depiction, the basic construction and the functional operation of an 
especially advantageous embodiment of a gearbox module 1 designed in 
accordance with the invention. The basic construction corresponds in principle to 
that described in Figure 1, for which reason the same reference numbers are 
used for the same elements. Evident is a possible embodiment of an rpm/torque 
converting device 4, which is characterized by an embodiment having four spur 
gear steps 23 to 26. This embodiment is presented here by way of example. 
Furthermore, the spur gear steps 23 to 26 are also designed in a back-gear 
construction, in which these are coupled to the second back gear 13. This 
results in an association of the individual gear steps with the second power 
branch 1 1, in which the power for the gear-shifting device 3 is transmitted in a 
purely mechanical manner. Here, by means of this embodiment, the output 9 of 
the gear-shifting device 3 is connected to the rpm/torque converting device 4 or 
to each of the individual spur gear steps 23 to 26, respectively. Further evident is 
an additional synchronously shiftable coupling 27, which, in terms of its spatial 
arrangement in the axial direction, is disposed between the gearbox input E and 
the gearbox output A behind the two back gears, the first back gear 12 and the 
second back gear 13. These back gears serve for the rigid coupling between the 
gearbox input E and the rpm/torque converting device 4, that is, the output 9 of 
the gear-shifting device 3. In this way, a so-called direct gear is produced, which 
creates a gear ratio of 1 : 1 between the gearbox input E and the gearbox output 
A. The solution is characterized here by an especially good efficiency, because 
frictional losses during the transmission of power via the power branch 10 or 1 1 
can be avoided. 

The starting element 2 is constructed here as a hydrodynamic component 22, 
preferably as a hydrodynamic clutch 28 in the case depicted, comprising at least 
one primary wheel 29, which functions as a pump wheel during traction operation 
for power transmission as viewed from the gearbox input E to the gearbox output 
A, and one secondary wheel 30, which functions as a turiDine wheel. Here, the 
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primary wheel 29 is connected to the gearbox input E in a rotationally fixed 
manner or constitutes the latter. Furthermore, the primary wheel 29 forms the 
input of the starting element 2. The secondary wheel 30 forms the output 6 of 
the starting element 2 and can be connected via the gear-shifting device at least 
indirectly to the gearbox output A in a rotationally fixed manner. This means that 
states can be conceived in which the secondary wheel 30 is completely 
decoupled from the gearbox output A. In the case depicted here, the secondary 
wheel 30 is connected to the first back gear 12. The latter is constructed as a 
simple spur gear set 31 , in which a first spur gear 32 of the spur gear set 31 is 
connected to the secondary wheel 30 in a rotationally fixed manner. This 
element, designed as a spur gear, meshes here with another spur gear 33, which 
is connected to the back-gear shaft 20 in a rotationally fixed manner or forms 
together with it a modular unit. The coupling of the third back gear 18 is made 
via the synchronously shiftable coupling 16, which takes the form of a claw clutch 
in the case depicted. Here, the first back gear 12 and the third back gear 18 are 
arranged parallel to each other and coaxially to each other. In order to produce 
additional gear steps, the first back gear 12 can also be coupled to the fourth 
back gear 19 at least indirectly in a rotationally fixed manner; this also occurs via 
the synchronously shiftable coupling 16. To this end. the latter has an additional 
switching lllie. which connects the back-gear shaft 20 to the fourth back gear 19 
in a rotationally fixed manner. This mode of operation applies by analogy to the 
second back gear 13 as well. The latter is also designed as a spur gear set 34. 
It comprises a first spur gear 35, which is coupled to the gearbox input E or to the 
input 5 of the starting element 2 in a rotationally fixed manner and which meshes 
with a spur gear 36, which is coupled to the back-gear shaft 21 in a rotationally 
fixed manner and forms the output 15 of the back gear 13. Here, the back-gear 
shaft 21 is connected to the fourth back gear 19 via the synchronously shiftable 
coupling 17 and, in order to produce an additional gear step, alternatively to the 
third back gear 18. In an especially advantageous design for this embodiment, 
the gear-shifting device 3 is combined directly with the rpm/torque converting 
device 4 and, in this case, the back-gear shaft 21 is used in order to produce the 
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gear steps in the back-gear design. Here, the individual intermeshing 
gearwheels for producing the gear steps are designed in the form of spur gear 
pairs, for which the intermeshing spur gears can each be connected to the 
gearbox output shaft A and to the back-gear shaft 21 in a rotationally fixed 
manner. The concrete choice of linkage of the individual spur gears can be 
made here at will. Preferably, these spur gears can be connected either to the 
gearbox output A via additional shiftable couplings 37 or 38 in a rotationally fixed 
manner or else [tof the other respective spur gear of a spur gear pair on the 
back-gear shaft 21 via the shiftable couplings. In the case depicted, the 
individual additional gear steps are produced by four back gears, which are 
designated here as 39 to 42 and are characterized by the spur gear sets 23 to 
26. Here, the spur gears of the individual spur gear sets 23 to 26 either are 
arranged on the back-gear shaft 21 in a rotationally fixed manner or else are 
arranged on a shaft that is coupled to the gearbox output A in a rotationally fixed 
manner. In the case depicted, the shiftable coupling 37 is arranged coaxially to 
the starting element 2 and thus also coaxially to the gearbox input E and the 
gearbox output A and makes possible the selective rotationally fixed coupling of 
the spur gear set 23 or 24 to the gearbox output shaft A via the second power 
branch 1 1 . The spur gear sets 41 and 42 can be connected via the additional 
shiftable coupling 38 to the back-gear shaft 21 and, on account of the rotationally 
fixed connection of the respective spur gears to the gearbox output A, a power 
transmission occurs from them. This arrangement is characterized by a simple 
construction. 

The layout of the individual spur gear ratios in the individual back gears or spur 
gear steps is made for the rpm/torque-converting device according to the gear 
ratios in the individual gear steps that need to be set. The back-gear gear ratios 
are designed in such a way that, here, between the input E and the coupling to 
the rpm/torque converting devices, a gear ratio of < 1 is produced. However, the 
concrete design lies in the discretion of the competent practitioner. 



^ [Translator's Note] Possible typographical error. The word in brackets is inferred. 
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Provided according to an especially advantageous further development, 
furthennore, is a braking device 43. which is associated with the starting element 
2, in particular with the output 6 of the starting element 2, and thus, in the case 
depicted, is responsible for holding the secondary wheel 30 in place. In this way, 
the gearbox output A can support itself via the corresponding gearing, in 
particular the gear-shifting device 3 and the coupling to the primary wheel or, in 
the case of direct through-coupling on account of the coupling to the gearbox 
input E, from the primary wheel coupled to it on the secondary wheel 30, which 
functions as a stator in this functional state. 

By way of example. Figure 2b illustrates on the basis of the embodiment of the 
gearbox module 1, in particular the automatic gearbox according to Figure 2a, 
the starting state. The power flow here is highlighted by a bold line. It is evident 
from this that, in this state, only the starting element 2, in the form of the 
hydrodynamic component 22, is active and that the power transmission occurs 
solely via the first power branch 10. The gear-shifting device 3 is characterized 
in this case by the switching position lllie of the synchronously shiftable coupling 
1 6. The first back gear 1 2 is thereby connected to one of the back gears - for 
example, to the fourth back gear 19, in a rotationally fixed manner. A connection 
via 18 would be equally conceivable. All other synchronously shiftable couplings 
37, 38, as well as 27 and 17, are open in this functional state. The engagement 
of the lockup is depicted in the combined starting and switching state in Figure 
2c. It is evident from this that the power transmission occurs briefly via two 
power branches, the power branch 10 and the power branch 1 1 , and that the 
switchover does not occur in black and white terms. In this case, the second 
back gear 1 3, in particular the back-gear shaft 21 , will transmit via any spur gear 
set - for example, here, the spur gear set 25 - onto the gearbox output A. To 
this end, the back-gear shaft 21 is coupled via the shiftable coupling 38 to the 
spur gear set 25 and thus to the back gear 41 . Also conceivable here, 
depending on the desired gear step to be set, would be to actuate the 
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synchronously shiftable coupling 17, in which case the back-gear shaft 21 would 
be connected via the fourth back gear to the gearbox output A. 

The power flows of the two power branches 10 and 1 1 are combined upstream of 
the output A. This occurs preferably at the output of the gear-shifting device 3. 

Figure 2d illustrates by way of example a purely mechanical power transmission 
in a specific gear - for example, in a second gear step - which is characterized 
by the back gear 19. In this case, when the hydrodynamic clutch has been 
drained, either the synchronously shiftable coupling 16 is engaged with or 
coupled to a spur gear set that is not coupled to the back-gear shaft 21 or else, in 
the open state, that is, in the switching position Hie, the secondary wheel 30 is 
completely decoupled from the gearbox output A. The power transmission then 
occurs from the gearbox input E to the gearbox output A via the second power 
branch 1 1 - here, by way of example, the fourth back gear 1 9 - by activation of 
the synchronously shiftable coupling 17 and bringing the switching position Into 
switching position I17, which is characterized by the rotationally fixed linkage of 
the third back gear 1 8 to the back-gear shaft 21 . Other designs are equally 
conceivable. Thus, for example, the power flow for the individual gear steps can 
be realized by way of the selective activation of the synchronously shiftable 
couplings 17, 37, and 38, provided that no power flow occurs via the first power 
branch 10. 

In order to maintain the power flow when any gear step is switched, the tractive 
power continues to be applied via the starting element 2 during the switching 
operation; that is, the power is then transmitted during the switching operation via 
the first power branch 10. This means that, for example, starting from the power 
transmission depicted in Figure 2d, the starting element 2 is coupled again to the 
gearbox output A, for example, by shifting or actuating the synchronously 
shiftable coupling 16 and connecting the back-gear shaft 20 to the fourth back 
gear 18 and thus to the gearbox output A. This is depicted in Figure 2e. At the 
end of the switching operation, the power flow is conveyed for a brief state again 
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parallel by way of the hydrodynamic branch 10 and the purely mechanical branch 
11, whereby, after the synchronously shiftable coupling 16 has been engaged, 
the running switching element - in the depicted case, the synchronously shiftable 
coupling 17 - is opened. In this state, the power flow occurs, as stated, briefly 
via the starting element, that is, via the first power branch 10. After rpm 
equalization, the corresponding synchronously shiftable coupling for the gear 
step being engaged, the new switching element, which, in the depicted case, is 
formed by the shiftable coupling 17, is actuated and brought into its switching 
position, which, here, is the switching position III17. In this case, the second back 
gear 1 3 is connected to the gearbox output A via the third back gear 1 8. If the 
synchronously shiftable coupling 17 is In its switching position III17, the power 
flow in the first power branch 10 is interrupted. 

Figure 2g illustrates, by contrast, the power transmission in direct gear. In this 
case, the synchronously shiftable coupling 27 is actuated. This occurs at the rpm 
equivalence between the gearbox input E and the gearbox output A. All other 
shiftable couplings are open. 

In accordance with the invention, all coupling devices in the gearbox module 1 
are designed as synchronously shiftable couplings, which preferably operate in a 
positive locking manner. Claw clutches find application here in an especially 
advantageous way. In terms of the couplings to be realized in the gear-shifting 
device 3 and in the rpm/torque converting devices 4, the gearbox module 1 is 
free of coupling elements that operate in a force-activated or frictionally engaged 
manner. This means that the mechanical power transmission always occurs free 
of slip. 

Illustrated in Figures 1 and 2 are embodiments with mutually parallel 
arrangements of the individual shiftable couplings 16 and 17 of the gear-shifting 
device 3; Figure 3 shows an especially advantageous embodiment having a 
coaxial arrangement of these. To this end, one of the back-gear shafts 20 or 21 
is designed as a hollow shaft. This depends each time on the arrangement of 
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the back gears, the first back gear 12 and the second back gear 13, and the 
spatial arrangement of input 5 and output 6 of the starting element 2. In the case 
depicted, the back-gear shaft 21 of the second back gear 13 is designed as a 
hollow shaft 13, through which the back-gear shaft 20 of the first back gear 12 is 
passed. The two back gears are arranged coaxially and parallel to each other. 
The linkage of the first back gear to the gearbox output A occurs here via the 
third back gear 18, which, in this case, is arranged in the axial direction 
downstream from all of the back gears coupled to the hollow shaft. For this 
purpose, the back-gear shaft 20 is passed completely through the back-gear 
shaft 21, designed as a hollow shaft, and the shiftable coupling 16 is disposed in 
its spatial arrangement in the axial direction after the individual shiftable 
couplings as viewed in the axial direction. In this case, however, the back gear 
18 that can be coupled to the shiftable coupling 16 cannot be used as the gear 
ratio for the mechanical gear, for which reason, in order to obtain an additional 
gear step and thus the same possible number of gears as in the solution 
according to Figure 2, an additional back gear 44 is provided. This embodiment 
makes it possible to realize the same functional modes as In Figures 2a to 2g. 
However, this solution is characterized by a substantially more compact 
construction. 
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